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same. 

CM 

© An insulating film for a semiconductor which comprises a cured product of a siloxane prepolymer produced 
CO by hydrolyzing and polycondensating 
S (a) a tetraalkoxysilane of the formula: 

^ SKOR 1 ), (I) 

(b) an alkyl-or aryl-trialkoxysilane of the formula: 
Jg R»Si(OR 3 MH) 

(c) an dialkyl-or diaryl-dialkoxysilane of the formula: 

° R'R'SKOR*), (III) in a molar fraction of (a):(b):(c) of 0.14-0.50 : 0.03-0.66 : 0.1 1-0.66 wherein R 1 to R 6 are the 
dm or different and are alkyl groups having 1 to 6 carbon atoms or aryl groups having 6 to 10 carbon 

LU atoms, which has good crack resistance, adhesivity with a substrate and surface evenness. 
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INSULATING FILM FOR SEMICONDUCTOR, PRODUCTION OF THE SAME AND LIQUID COMPOSITION FOR 

PRODUCING THE SAME 

The present invention relates to an insulating film for a semiconductor, a method for producing said film 
and a liquid composition for use in producing said film. More particularly, it relates to a liquid composition 
comprising a siloxane prepolymer and an organic solvent for use in the production of an insulating film for a 
semiconductor, a method for producing an insulating film for a semiconductor from said composition, and 
5 an insulating film for a semiconductor produced from said composition. 

Insulating films for semiconductors are widely used not only for insulation between poiysilicone and an 
aluminum wiring layer or between aluminum wiring layers but also for protecting PN junctions or thesurface 
of the device. 

Conventionally, the insulating film is formed by chemical vapor deposition (CVD) or by film coating. 
70 CVD is widely used to deposit SiO, or Si 3 N< because of its high reliability, while the film coating is only 
employed for forming a protective film. 

However, as the degree of integration of the semiconductor increases.the gaps or grooves between the 
lines in the pattern become narrower and narrower and the unevenness of the surface of the device 
becomes larger and larger. Therefore, it is difficult to produce insulating films having satisfactory insulating 
rs quality by CVD. since the quality of the film formed by CVD largely depends on the surface structure. In 
view of the above circumstances, film coating has been reevaluated because it can form insulating film- 
having good surface evenness. 

Many materials have been proposed to be used in the production of insulating films by film coating. 

Typical examples of organic materials are polyimide and polyimide silicone. Although these polymers 
20 have good surface evenness and crack resistance, they are poor in heat resistance and adhesion with a 
substrate made of silicon, aluminum. Si0 3 . Si 3 N 4 and the like, so that their insulating property may tend to 
be deteriorated after extended use of the semiconductor. Disadvantageous^, they are partially decomposed 
at 450 °C or higher. 

Although a film coating of silica glass such as a polycondensation product of tetraethoxysilane has good 
25 heat resistance and adhesion with the substrate, it has poor crack resistance so that it cannot produce a 
film with a thickness of 6,000 A or more. In addition, this film cannot completely fill groovesof 1 am in width 
and 1 urn in depth. 

Poiyladder organosiloxane or a composite of polyladder organosiloxane and silica glass are proposed 
as the insulating films but they do not have sufficient adhesion with the substrate, crack resistance or film 

30 surface evenness so that they cannot be practically used (cf. Japanese Patent Kokai Publication - 
(unexamined) Nos. 83563/1982. 131250/1982 and 129261/1981). 

Polydihydrogen siloxane proposed by Japanese Patent Kokai Publication (unexamined) No. 86018/1985 
should be baked at 450<>C for one hour in an atmosphere of oxygen and its weight increases by about 10 
%. In addition, it suffers from an increase of its volume in baking, the influence of which on the 

35 characteristics of the device cannot be ignored. When the thickness of the film is increased only a- 
insufficient amount of oxygen diffuses into the film, so that it is difficult to produce a homogeneous 
insulating film. 

One object of the present invention is to provide an insulating film for a semiconductor which is stable 
at a temperature of at least 500 °C. 
40 Another object of the present invention is to provide an insulating film for a semiconductor which can fill 
grooves in a micro pattern on the semiconductor. 

A further object of the present invention is to provide an insulating film for semiconductorswhich has 
good crack resistance, adhesivity with a substrate and surface evenness. 

These objects of the present invention are accomplished by the insulating film for a semiconductor of 
45 the invention, which comprises siloxane polymer. 

According to the film coating method, the insulating film is formed on the semiconductor by dissolving a 
base polymer in an organic solvent, applying the solution of the polymer to a substrate by dip coating or 
spin coating, heating the substrate applied with the solution to thermally polycondensate the polymer and to 
remove the organic solvent so as to form a glassy film or a macromolecular polymer film. 
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When the base polymer is tetraethoxysilane or polyladder organosiloxane, the solution starts to solidify 
in the spin coating stage in which a part of the organic solvent is about to evaporate, so that the film is 
cured before the grooves of the micro pattern are sufficiently filled; In view of such drawbacks, the inventors 
had an idea to add a bifunctional compound such as dimethylsiloxane and diphenylsiloxane to the 
5 conventional insulating film forming polymer and found that such mixture would not solidify even after the 
evaporation of the solvent. Further, it was found that the addition of a tetrafunctional compound such as 
tetraethoxysilane would improve adhesivity of the film formed with the substrate. 

It is known that a thicker film has better surface evenness. For example, for producing an insulating film 
having good evenness on an aluminum wiring pattern having a level difference of 1 urn (10,000 A), it is 
70 essential that the insulating film has a thickness of at least 12,000 A on the concave parts and at least 2,000 
A on the convex parts and is crack free after formation of the film. Thus, the insulating film with a thickness 
of at least 12.000 A should be crack free on a wafer having a flat surface. 

As a result of the extensive study to find an insulating film for a semiconductor which satisfies the 
above requirements, it has been found that an insulating film produced from a polymer comprising 
rs tetrafunctional, Afunctional and bifunctional siloxanes in a certain specific ratio does not crack even when it 
has a thickness larger than 12.000 A, it is tough and further it is stable at 500°C. The present invention has 
been completed based on this finding. 

Accordingly, the present invention relates to a siloxane polymer having the inorganic properties of the 
tetrafunctional siloxane. the solubility in an organic solvent and the vitrification property of the trifunctional 
20 siloxane and solubility in an organic solvent and the softening effect of the bifunctional siloxane, which 
polymer is suitable for producing the insulating film for the semiconductor. 

According to one aspect of the present invention, there is provided an insulating film for a semiconduc- 
tor which comprises a cured product of a siloxane prepolymer produced by hydrolyzing and polyconden- 
sating 

25 (a) a tetraalkoxysilane of the formula: 

Si(OR')4 (I) 

(b) an alkyl-or aryl-triaikoxysilane of the formula: 
R 2 Si(OR 5 ), (II) 

(c) an dialkyl-or diaryl-dialkoxysilane of the formula: 

30 R 4 R s Si(OR*), (HI) in a molar fraction of (a):(b):(c) of 0.14-0.50 : 0.03-0.66 : 0.11-0.66 wherein R 1 to R* are the 
same or different and are alky I groups having 1 to 6 carbon atoms or aryl groups having 6 to 10 carbon 
atoms. 

According to another aspect of the present invention, there is provided a method for producing an 
insulating film on a semiconductor which comprises applying a mixture of the above siloxane prepolymer in 
35 an organic solvent on the surface of the semiconductor and thermally treating it at temperature of 4O0°C or 
higher in the presence of oxygen. 

According to further aspect of the present invention, there is provided a liquid composition for use in 
forming an insulating film for a semiconductor which comprises the above siloxane prepolymer and and 
organic solvent. 

40 In the present invention, the tetraalkylsilane (I) is a tetrafunctional component, the alkyi-or aryl- 
trialkoxysilane (II) (hereinafter referred to as "trialkoxysilane") is a trifunctional component and the dialkyl-or 
diaryl-dialkoxysilane (III) (hereinafter referred to as "diaikoxysilane") is a bifunctional component. 

Each of R' to R* stands for an alkyl or aryl group. Among them, R 2 . R 4 and R s are preferably methyl 
groups, ethyl groups or phenyl groups and more preferably methyl groups or phenyl groups. They may be 

45 the same or different. Each of R\ R' and R* is preferably a C. to C, alkyl or a phenyl group and more 
preferably a methyl group or an ethyl group due to the high reaction rate. They may be also the same or 
different. 

Specific examples of the tetraalkoxysilane (I) are tetramethoxysilane. tetraethoxysilane, tetraisopropox- 
ysilane, tetraphenoxysilane and the like. Among them, tetramethoxysilane and tetraethoxysilane are pre- 
50 f erred. 

Specific examples of the trialkoxysilane (II) are methyltrimethoxysilane, methyltriethoxysilane, methyl- 
triisopropoxysilane, methyltriphenoxysilane. ethyltrimethoxysilane, ethyltriethoxysilane, ethyltriisopropox- 
ysilane. ethyitriphenoxysilane, phenyttrimethoxysilane, phenyltriethoxysilane. phenyltriisopropoxysilane, 
phenyltriphenoxysilane and the like. Among them, methyltrimethoxysilane, methyltriphenoxysilane and 
55 methyltriethoxysilane are preferred. 



3 



BNSDOCID: <EP 0226208A2_l_> 



0 226 208 



Specific examples of the dialkoxysilane (III) are dimethyldimethoxysilane. dirnethyldiethoxysilane, 
dimethyldiisopropoxysilane. dimethyldiphenoxysilane, diethyldimethoxysilane. diethyldiethoxysilane, diethyl- 
diisopropoxysiiane, diethyldiphenoxysilane, diisopropyldimethoxysilane, diisopropytdietho'xysilane. 
diisopropyldiisopropoxysilane. diisopropyldiphenoxysiiane, diphenyldimethoxysilane, diphenyldiethoxysilane! 
5 diphenyldiisopropoxysilane, diphenyfdiphenoxysilane and the like. Among them, dimethyldimethoxysilane! 
dirnethyldiethoxysilane and diphenyldiethoxysilane are preferred. 

The molar fraction of the tetraalkoxysilane (I), the trialkoxysilane (II) and the dialkoxysilane (III) is 0.14- 
0.50 : 0.03-0.66 : 0.11-0.66 and preferably 0.25-0.42 : 0.29-0.38 : 0.29-0.38. 

When the content of the tetrafunctional component in the siloxane prepolymer composition increases, 
10 the applied film is hard and tends to crack during the formation of the insulating film by heating or 
subsequent cooling of the film. Thus, its molar fraction is preferably from 0.14 to 0,50. When the content of 
the trifunctional component is too small the film tends to crack. When it is too large, the adhesivity of the 
film with the substrate is deteriorated. Thus, its molar fraction is preferably from 0.03 to 0.66. When the 
content of the Afunctional component is small, the film loses crack resistance and ability for filling the 
75 micro-grooves although the adhesivity of the film with the substrate is improved. When it is too large, the 
film greatly shrinks and has poor surface evenness and adhesivity with the substrate. Thus, its molar 
fraction is from 0.11 to 0.66. 

It is assumed that since the presence of the Afunctional component could induce scission of the 
polymer chain, namely depolymerization in the step of forming the insulating film by heat treatment, strain 
20 would not remain in the resulting film so that the crack free film could be improved. 

If the bffunctional siloxane prepolymer is mixed with one of other functional prepoiymers such a 
polydimethylsiloxane, a part of the Afunctional siloxane prepolymer is decomposed and vaporized during 
the formation of the film by the heat treatment and a part of it is depotymerized and polycondensated with 
other polymer chains. However, the polydimethylsiloxane accumulates near the surface of the film and is 
25 polymerized so that not only the adhesivity of the film with the substrate is deteriorated but also the surface 
evenness of the film is decreased. 

The weight-average molecular weight of the siloxane prepolymer as determined by the GPC method - 
(converted to the molecular weight of polystyrene)is from 2,000 to 50,000, preferably from 3,000 to 30,000. 
When the weight-average molecular weight is less than 2,000,the film forming property is deteriorated 
30 and the residual amount of the polymer in the film is decreased. When the molecular weight is larger than 
50.000.the viscosity of the solution of the polymer is unpractically high. 

The dispersity Q of the prepolymer is preferably not more than 20, more preferably not more than 5, 
and most preferably not more than 3. When the dispersity is more than 20, an insulating film having a 
smooth surface is not produced. 
35 Now, the preparation of the siloxane prepolymer will be explained. 

Polycondensation of alkoxysilane is carried out in the presence of an acid catalyst or an alkali catalyst 
and water. Specific examples of the acid catalyst are hydrochloric acid, nitric acid, sulfuric acid, acetic acid 
and the like. Specific examples of the alkali catalyst are sodium hydroxide, potassium hydroxide, ammonia, 
tetramethylammonium hydroxide, pyridine and the like. Although any of these catalysts may be used for 
40 polycondensation of the siloxane prepolymer according to the present invention, preferably used ar 
hydrochloric acid, acetic acid and ammonia due to easy post purification, since the insulating film is coated 
on the semiconductor so that it should be highly pure. The reaction temperature is not higher than 150°C, 
and preferably from 0 to 100°C. 

Usually, the tetraalkoxysilane, trialkoxysilane and the dialkoxysilane are simultaneously polymerized. 
45 although the the components are added to the polymerization system in an arbitrary order. More preferably! 
the dialkoxysilane is firstly polycondensated and then the tetraalkoxysilane and the trialkoxysilane are 
polycondensated. Namely, the dialkoxysilane is polymerized to form oligomers comprising di-to deca-mers, 
preferably tri-to nona-mers. and then the tetraalkoxysilane and trialkoxysilane are copolymerized with the 
oligomer so as to introduce blocks of the dialkyisilane in the polymer chain. Thereby, the crack resistance 
so of the insulating film is so increased that an insulating film having a thickness of 1 .5 urn or more does not 
crack. 

The prepolymerization of the siloxane can be carried out batchwise or continuously in the presence or 
absence of a solvent. Examples of the solvent are alcohols (e.g.. methanol, ethanol, isopropanol, etc.). 
ketones (e.g.. methyl ethyl ketone, methyl isobutyl ketone, etc.) and aromatic compounds (e.g.. benzene! 
55 toluene, etc.). The solvent used in the prepolymerization may form a part or whole of the solvent contained 
in the insulating film forming composition of the present invention. 

The catalyst may be added to the polymerization system before water is added or added dropwise 
together with water. 
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Alternatively, the dialkoxysilane is polycondensated in the- presence of the catalyst and water and then 
the tetraalkoxysilane, the trialkoxysiiane and water are added dropwise. 

Water is used in an amount 0.9 to 1.2 times of the stoichiometric amount (one molecule of water per 
two alkoxy groups). When the amount of water is too large, the polymer is gelled to form a material 
5 insoluble in the organic solvent. When the amount of water is too small, too many unreacted alkoxyi groups 
undesirably remain. 

As understood from the above explanation, since the polymer produced according to the present 
invention comprises block or random copolymer of the tetra-. tri-and bi-functional components, the 
insulating film comprising said polymer has superior properties compared with the conventional insulating 
io films. 

Then, the liquid composition for use in forming the insulating film for semiconductors according to the 
present invention will be explained. 

The siloxane prepolymer as produced by the method described above is used in the form of a solution 
in an organic solvent in a suitable concentration. Examples of the solvent are alcohols (e.g.. methanol. 
T5 ethanol. isopropanol. etc.), ketones (e.g.. acetone, methyl ethyl ketone, methyl isobutyl ketone, etc.).' 
monoalkyl ethers of ethylene glycol (e.g., butyl cellosolve. etc.). monoalkyl ethers of propylene glycol (e.g.! 
1-methoxy-2-propanol. etc.) and aromatic compounds (e.g.. benzene, toluene, etc.) as well as mixtures 
thereof. 

The concentration of the siloxane prepolymer varies with the application conditions and is usually at 
20 least 4 % by weight and preferably at least 10 % by weight. 

The insulating film may be formed on the semiconductor as follows: 

The insulating film forming composition is applied on the surface of the semiconductor by spin coating 
or dip coating. After thoroughly evaporating the solvent by air drying or low temperature heating, the 
composition on the semiconductor is heated in the presence of oxygen at temperature not lower than 
25 400 W C for at least 10 minutes, preferably at least 30 minutes to decompose the unreacted alkoxy groups so 
as to form siloxane bondings. 

Preferred embodiments of the present invention are shown in the following examples, wherein the 
physicochemical properties of the polymer are measured as follows: 



Weioht Averaoe Molecular Weight (Mw) 

The value measured by gel permeation chromatography (GPC) is converted to the molecular weight 
obtained for polystyrene (standard beads) (SL-105 of Shodex Standard. S series manufactured by Showa 
35 Denko). 

GPC measurement is carried out by means of TRIROTAR-lli (manufactured by Nippon Bunko) with the 
use of, as column, Shodex A-80M (8mm x 500 mm) and/or KF-802 (8 mm x 300 mm) (both manufactured 
by Showa Denko), as detector. Rl and as eluent. ethyl acetate. The flow rate is 1 mi/min. 



Dispersitv 

Dispersity Q is calculated according to the equation by a usual method: 
Q = Mw/Mn. 
45 Mw: Weight average molecular weight. 
Mn: Number average molecular weight. 



Thickness of Coated Film 

50 

The thickness of the coated film is measured by means of Talistep manufactured by Ranktailor Hobson. 
In the Examples, the insulating film forming composition was applied on the semiconductor by spin 
coating by means of Mikasa Spinner 1H-360 (manufacture by Mikasa) in which several mililiters of the 
composition are dropped on the surface of the semiconductor and it is spun at 500 to 3.500 rpm for 15 
55 seconds. 
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Example 1 

Into a one liter flask equipped with stirrer, were charged imethyldiethoxysilane (DMDES) (157 g) 
methyltriethoxysiiane (MTES) (157 g), tetraethoxysilane (TEOS) (220 g) and isopropanol (160 g). Then a 
5 mixture of 0.1 N-HCI (10.6 g) and pure water (98 g) was added at once. The initial temperature was 25°C 
As the reaction proceeded, the temperature rose to 50 °C. Within 20 minutes from the initiation of the 
reaction, the reaction mixture was heated to 80°C and then refluxed for one hour to form a prepolymer 
having Mw of 7,500 and dispersity Q of 1.36. 

A 40 % solution of the siloxane prepolymer in isopropanol was spin coated on an silicone wafer having 
70 no pattern. The coated wafer was heated in a diffusion furnace having an atmosphere comprising nitrogen 
and oxygen in a volume ratio of 80:20 at 100°C for 10 minutes and baked at 450«C for 30 minutes to form 
an insulating film on the wafer. The film had a thickness of 14,000 A. Observation of the film surface by a 
microscope (magnification of 80 times) revealed that no cracks had developed on the film surface. 

The film on the wafer was reheated at 450° C for 30 minutes. The thickness of the film remained 
is unchanged and was 14 t 000 A and no cracks had developed on the surface. 

The film on the wafer was further heated to 500°C for 30 minutes. The thickness of the film was 13,900 
A and hence there was no substantial change in the film thickness before and after heating. 

The 40 % solution of the siloxane prepolymer in isopropanol was diluted with isopropanol to 1.3 time 
volume and spin coated at- 3.500 rpm on a 10 cm (4 inch) wafer having an aluminum pattern with 1 am 
20 level difference. The wafer was heated to 100°C for 10 minutes and baked at 450°C for 30 minutes. The 
thickness of the film was 2,000 A on the aluminum wiring and 11,800 A on the grooves. 

The wafer on which the insulating film was formed was cut and the filling degree of the grooves and the 
surface evenness were observed by a scanning electron microscope (magnification of 10,000 times) to find 
that they were good. No cracks had developed on the film surface. 

25 

Example 2 

Into a 500 ml round flask equipped with a stirrer, DMDES (60 g), MTES (71 g) and TEOS (42 g) were 
so charged. Then, a mixture of isopropanol (30 g), 0.1 N-HCI (4 g) and pure water (32 g) was dropwise added 
at room temperature over 30 minutes at a constant rate. Thereafter, the temperature was raised to 80 °C 
over 10 minutes and refluxed for one hour. The reaction mixture contained 35 % by weight of a siloxane 
prepolymer having Mw of 6,100 and dispersity Q of 1.4. 

In the same manner as in Example 1 , the above prepolymer solution was coated on the wafer having no 
35 pattern and the wafer having the aluminum wiring. The insulating film up to a thickness of 14.000 A did not 
developed any crack but the film having a thickness of 16,000 A developed cracks all over the surface. The 
filling degree of the grooves and the surface evenness were satisfactory. 



40 Example 3 

Into a 500 ml round flask equipped with a stirrer. DMDES (105 g), isopropanol (40 g) and concentrate 
hydrochloric acid (42 g) were charged and pure water (10 g) was dropwise added at room temperature over 
about one minute followed by 30 minutes stirring. After evaporating isopropanol and resulting ethanol under 

45 reduced pressure, MTES (100 g). TEOS (150 g) and 30 % hydrochloric acid (0.1 ml) were added and 
stirred for 10 minutes. Then, pure water (44 g) was dropwise added over about 2 hours to proceed 
polycondensation with keeping the reaction temperature not higher than 35 °C by cooling the flask with ice. 
After 10 minutes from the completion of the addition of water, resulting ethanol was removed and then 
isopropanol (180 g) was added to obtain a siloxane prepolymer having Mw of 54,000 and Q of 3.0. 

50 Toluene (180 g) was added to the prepolymer to prepare an insulating film forming solution containing 
33% by weight of the prepolymer and the solution was filtered to remove particles such as gel through a 
membrane filter of 0.2 urn pore. The solution was coated on a wafer with varying the revolution rate of the 
spinner and heated and baked in the same manner as in Example 1 . The microscopic observation of the 
surface of the formed film with magnification of 80 times revealed that no cracks had developed at a film 

55 
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thickness of 18,000 A or less although a few cracks had developed at a film thickness of 20.000 A The 
wafer coated with the insulting film ot 18,000 A in thickness was reheated at 500°C for 30 minutes and the 
filmihickness was substantially unchanged. 



Example 4 

To evaluate adhesivity of the insulating film of the present invention, each of the solutions of the 
prepolymers prepared in Examples 1. 2 and 3 were spin coated at 3.500 rpm on a silicone wafer, a silicone 
wafer metallized with aluminum, a silicone wafer on which an SiO, layer was formed by CVD and a silicone 
wafer on which an Si 3 N, layer was formed by CVD. Then, each wafer was heated in a diffusion surface at 
100°C for 10 minutes and baked at 450°C for 30 minutes to form an insulating film. 

The film surface was cut with a knife to mark 5 mm squares. An adhesive tape (Celotape. Trade mark 
of Nichiban) was adhered on the cut surface and peeled off quickly. No part of the cut film was peeled off. 



Examples 5 and g 

in the same manner as in Example 1 but using an equimolar amount of diphenyldiethoxysilane - 
(DPDES) in place of (DMDES) (Example 5) or using an equimolar amount of phenyltriethoxysiiane (PTES) in 
place of MTES, an insulating film forming composition was prepared and an insulating film was formed on a 
wafer. 

Crack resistance after reheating at 450° C was evaluated in terms of the maximum film thickness at 
which no crack was developed. The results are shown in Table 1 . 



Table 1 



Exam- 
ple 
No. 


Alkoxysilane 


Crack free 
max. film 
thickness 
(A) 


3if unc- 
tional 


Trifunc- 
tional 


Tetra- 

f unctional 


1 


DMDES 


MTES 


TE0S 


1 4 , 000 


5 


DPDES 


MTES 


TE0S 


1 3, 500 


6 


DMDES 


PTES 


TE0S 


1 4,500 



Examples 7-1 Q and Comparative Examples 1-8 

In the same manner as in Example 3 but varying the amount of DMDES, MTES or TEOS and heating 
the coated composition at 130°C for 10 minutes and baking it at 450°C for 30 minutes, an insulating film 
was formed on the wafer and its crack resistance was evaluated. The results are shown in Table 2. 
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Table 2 



Exam- 
pi e 
No. 


Alkoxysilane 
(Molar fraction) 


Molecular 
prepolymer 

f M t t \ 

\VlYiJ 


Crack free 
max . r i jl m 
thickness 
C A ) 


DMDES 


MTES 


TEOS 


7 


0. 20 


0.60 


0.20 


0 , UUU 


1 (L r\ r\r\ 

10,000 


8 


0.34 


0.32 


0.34 


0 , 5UU 


1 / , 000 


9 


0.42 


0.16 


0.42 


O , 4 00 


1 5 , 000 


1 0 


0.47 


0.06 


0. i»7 


Q r\ r\ r\ 

O , 000 


1 6 , 700 


Comn 1 


0 


0 


1 


i , 000 


6 , 000 1 ' 


Comn 2 

w V/tti • C 


0 


0.5 


0.5 


o ^ f\ r\ 
D , 200 


7 ,000 1 ' 


Com n 3 


0.3 


0 


0.7 


5,400 


1 0 , 000 1 ' 


Corap. 4 


0.34 


0.1 


0.56 


20 , 000 


1 o ooo*^ ) 


Comp. 5 


0.34 


0.56 


0.1 


4, 900 


10.000* 1 ) 


Corap. 6 


0.34 


0.66 


0 


4,500 


8,000* 1 J 


Corap. 7 


0.55 


0. 45 


0 


5,000 


*2) 


Comp. 8 


0.71 


0.29 


0 


5,500 


*2) 



Note *1 ) Cracked . 

*2) Not hardened in prebaking. 



Examples 1 1-16 

In the same manner as in Example 3 but varying the composition of the oligomer of DMDES, an 
insulting film was formed on a wafer. Its crack resistance was evaluated. The composition of the oligomer 
was analyzed by gas chromatography. The results are shown in Table 3. 



50 
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1. An insulating film for a semiconductor which comprises a cured product of a siloxane prepolymer 
produced by hydrolyzing and polycondensating 

(a) a tetraalkoxysilane of the formula: 
StfOR'), (I) 

(b) an alkyl-or aryl-trialkoxysilane of the formula: 
R'Si(OR 3 ) 3 (II) 

(c) an dialkyl-or diaryl-dialkoxysilane of the formula: 
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R 4 R $ Si(OR') 2 (III) 

in a molar fraction of (a):(b):(c) of 0.14-0.50 : 0.03-0.66 : 0.11-0.66 wherein R' to R* are the same or different 
and are alkyl groups having 1 to 6 carbon atoms or ary! groups having 6 to 10 carbon atoms. 

2. The insulting film according to claim 1, wherein the prepolymer contains blocks of a dialkyl-or diaryl- 
diaikoxysilane which is produced by polycondensating the dialkyl-or diaryl-dialkoxysilane to form oligomers 
comprising di-to deca-mers and then polycondensating the oligomers with the tetraalkoxysilane and the 
alkyl-or aryl-trialkoxysilane. 

3. The insulating film according to claim 1, wherein the prepolymer has a weight-averaqe molecular 
weight of 2,000 to 50,000. 

4. The insulating film according to claim 1, wherein R\ R 3 and R* are the same or different and each is 
a C,-Ci aikyl group or a phenyl group. 

5. The insulating film according to claim 1, wherein R 3 , R 4 and R s are the same or different and each is 
a methyl group or a phenyl group. 

6. A method for producing an insulating film on a semiconductor which comprises applying a mixture of 
a siioxane prepolymer produced by hydroly2ing and polycondensating 

(a) a tetraalkoxysilane of the formula: 
SKOR 1 )* (!) 

(b) an alkyl-or aryl-trialkoxysilane of the formula: 
R 2 Si(OR 3 ) 3 (II) 

(c) an dialkyl-or diary l-dialkoxy si lane of the formula: 
R 4 R s Si(OR 6 ) 2 (III) 

in a molar fraction of (a):(b):(c) of 0.14-0.50 : 0.03-0.66 : 0.11-0.66 wherein R 1 to R* are the same or different 
and are alkyl groups having 1 to 6 carbon atoms or aryl groups having 6 to 10 carbon atoms in an organic 
solvent on the surface of the semiconductor and thermally treating it at temperature of 400°C or higher in 
the presence of oxygen. 

7. A liquid composition for forming an insulating film for a semiconductor which comprises a siioxane 
prepolymer produced by hydrolyzing and polycondensating 

(a) a tetraalkoxysilane of the formula: 
SKOR 1 ), (I) 

(b) an alkyl-or aryl-trialkoxysilane of the formula: 
R 2 Si(OR*) 3 (II) 

(c) an dialkyl-or diaryl-dialkoxysilane of the formula: 
R 4 R*Si(OR') 2 (III) 

in a molar fraction of (a):(b):(c) of 0.14-0.50 : 0.03-0.66 : 0.11-0.66 wherein R 1 to R' are the same or different 
and are alky! groups having 1 to 6 carbon atoms or aryl groups having 6 to 10 carbon atoms and and 
organic solvent. 

8. The liquid composition for forming an insulating film for a semiconductor according to claim 7, 
wherein the prepolymer contains blocks of a dialkyl-or diaryl-dialkoxysilane which is produced by polycon- 
densating the diaJkyl-or diaryl-dialkoxysilane to form oligomers comprising di-to deca-mers and then 
polycondensating the oligomers with the tetraalkoxysilane and the alkyl-or aryl-trialkoxysilane. 

9. The liquid composition for forming an insulating film for a semiconductor according to claim 7, 
wherein the prepolymer has a weight-average molecular weight of 2,000 to 50,000. 

10. The liquid composition for forming an insulating film for a semiconductor according to claim 7, 
wherein the concentration of the prepolymer is at least 4 % by weight. 

11. The liquid composition for forming an insulating film for a semiconductor according to claim 7. 
wherein the organic solvent is an alcohol, ketone, monoalkyl ether of ethylene glycol, monoalkyl ether of 
propylene glycol, aromatic compound or a mixture thereof. 
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CO 

^© An insulating film for a semiconductor which 
comprises a cured product of a siloxane prepolymer 
g produced by hydrolyzing and polycondensating 
(\j (a) a tetraaikoxysilane of the formula: 
Si(OFP)4 (I) 

J^j (b) an aikyl-or aryl-trialkoxysilane of the for- 
CSJmula: 

o R2Si(0R 3 ) 3 (H) 

(c) an dialkyl-or diaryl-dialkoxysilane of the 
CU formula: 

^R^RSS'KOR^a (Hi) in a molar fraction of (a):(b):(c) of 
0.14-0.50 : 0.03-0.66 : 0.11-0.66 wherein R 1 to R 6 



are the same or different and are alkyl groups having 
1 to 6 carbon atoms or aryl groups having 6 to 10 
carbon atoms, which has good crack resistance, 
adhesivity with a substrate and surface evenness. 
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